ABSTRACT
INTRODUCTION
With the increasing travel demand the highway network is often insufficient nowadays. One of the possible approaches is in building new roads; certainly not economically and often not even a technically available option. For this reason, the use of intelligent transport systems (ITS) is an available and necessary tool. On highways, the ITS components are combined together with other management strategies into socalled highway management systems (HMS).
HMS are typically addressing one or more of the following objectives: 1) Decrease of the number and impact of regular congestions; 2) Decrease of the number and impact of irregular congestions; 3) Increase of traffic safety.
There are many different control strategies that can be used to address the aforementioned objectives. The reference [1] provides an overview of particular strategies (see Figure 1) . Furthermore, it describes the strategies in more detail and illustrates them with examples.
This paper is focused mainly on speed harmonization and ramp metering, and the authors examine the usage of soft computing approaches to these strategies. The focus is set on these two strategies mainly for their nature (both belong to the field of traffic control) and since they have not been sufficiently addressed by any existing review.
Other strategies presented in Figure 1 , such as automated incident detection (AID), are not further discussed in this paper, since they have been thoroughly examined by other researchers and the soft computing methods have been widely used [2, 3] . Other topics, such as traffic enforcement, are typically subject to
COMPUTATIONAL INTELLIGENCE IN HIGHWAY MANAGEMENT:
A REVIEW certification by authorities and do not use soft computing methods at all. For this reason, the authors decided to focus only on the abovementioned topics. The remaining strategies (such as warning about danger on roads) are discussed only when they are treated jointly with speed harmonization and/or ramp metering. The major objective of this paper arose during author's own research work on highway management. There has been no survey of the existing approaches to highway management with respect to modern approaches such as soft computing or distributed architecture. At the same time, their usage for the given field is rather intuitive. This is certainly a complication when starting a new research. For this reason, this paper aims at providing an overview of the existing methods and their achievements, showing the recent trends, and at the same time summarizing the identified limits of particular approaches. The paper, however, does not provide any own evaluation of the presented methods, nor does it describe the particular management strategies or particular control methods in more details.
APPROACHES TO HIGHWAY MANAGEMENT
Many different approaches to highway management can be encountered nowadays, e.g. model predictive control [4] , support vector machines [5] , chaos theory [6] , etc. Since it is not possible to cover all of them within this paper, the focus here is only on the important and modern approaches: soft computing and multi-agent systems.
Soft computing is originally a branch of artificial intelligence; however, it has developed to follow its own path. Soft computing differs from conventional computing in that it is tolerant of imprecision, uncertainty, partial truth, and approximation [7] . The methods belonging to this field are motivated by human mind and human reasoning. Because soft computing does not focus on symbolic manipulation in the way artificial intelligence does, but rather uses extensive numerical computation, it is also known as computational intelligence.
Soft computing consists of the following major areas: -Fuzzy systems (FS); -Artificial neural networks (ANN); -Evolutionary or genetic algorithms (GA); or -Probabilistic reasoning (PR).
The following features characterize soft computing (adopted from [8] It is obvious that the problems in the field of highway management are very good candidates for soft computing since they are usually strongly non-linear, often described in linguistic terms, and the output should be understood by humans. Since they have also a highly distributed structure and are comprised of several strategies which, however, seek a joint ob- 
APPLICATION OF SOFT-COMPUTING METHODS

Speed harmonization
Speed harmonization is typically applied in case of big traffic volume and large speed deviation. The interactions between slow-moving and fast-moving vehicles increase the probability and the severity of traffic accidents, decrease road capacity and increase travel time.
Speed harmonization is achieved by means of decreasing the speed limit on a given highway segment. Based on measurement of the actual traffic flow characteristics and its predictions, the system proposes the most suitable speed limit, which is displayed on a gantry above the given lane. Typically, data not only from the given road segments, but also from adjacent segments are used. In the next steps, the algorithms have to harmonize the speed limit between particular lanes and between particular road segments, so that only consistent and stable speed limits are presented. The new speed limit is presented to drivers by means of variable message signs. This highway management strategy is also called "variable speed limit control" (VSLC).
Implying the speed limits does not only influence the average speed, but also the speed deviation. This leads not only to significant safety improvements, but also to the decrease of the distance between vehicles and, thus, to the increase of road capacity.
The most common approaches to speed harmonization use relatively simple decision trees, which, based on increase of certain traffic variables, impose a new speed limit. A concise approach using decision trees is provided for example in German standards [9] . This can be recommended as a major overview and reference to speed harmonization. The authors provide an overview of the overall structure of highway management system, references on the data pre-processing, and recommend an appropriate harmonization algorithm. This algorithm uses three variables to manage speed: intensity (veh/time), speed (km/h), and local traffic density (veh/km), which is computed from intensity and speed. In order to avoid quick changes of speed limits (oscillation), a hysteresis is introduced through usage of different decision trees for turning on and turning off the speed limits.
Several other authors use decision tree approach as well. They usually aim to improve the control algorithm using different conditions and/or variables for VSLC. For example Kühne and Langbein [11] use standard deviation of speed distribution besides intensity (veh/time), speed (km/h) and traffic density (veh/km). They start to decrease the speed limit already in case of relatively low intensity (approximately 60 -80% of road capacity), but higher standard deviation of speeds. The parameter of standard deviation of speed is also used by Gu et al. [12] . The authors studied the relations between speed deviation and other traffic parameters on the basis of data from highway G6 in Beijing (China). The resulting algorithm does not present any significant improvement to other algorithms discussed within this review. Allaby et al. [13] use intensity (veh/time), occupancy (%) and average speed (km/h). However, they use their algorithm mainly to evaluate its effect on traffic conditions.
On the other side, Jo and Kim [14] focus on safety aspects. For this reason, next to using speed (km/h) as usual in other algorithms, they use speed difference between a particular station (gantry) and a station located upstream. Additionally, they use a variable called shock wave, which is computed based on intensity (veh/time) and density (veh/km). The last variable aims at detecting traffic congestion. The authors claim that the novelty of this algorithm consists in taking into consideration multiple stations, but according to the literature review, similar approaches are to be found even in the MARZ [9] .
An interesting improvement of VSLC algorithms is called INCA [15] . Here the authors aim to improve the MARZ algorithm by introducing an objective function. The objective function used within [15] takes into consideration the value of lost time, cost of an accident, probability of an accident and the average speed. The original MARZ algorithm was optimized with the usage of existing data and the proposed objective function. This approach enables setting the decision criteria in an automated way, without the need of engineering knowledge for the optimization, as most of other algorithms do. It is an example of a data driven approach.
The next large group of algorithms presented by the researchers belongs to the field of fuzzy logic. Fuzzy control algorithms represent the first natural enhancement of the common control algorithms mentioned above. So far, we have dealt only with those algorithms where a slight change of measured parameters, caused by even one vehicle, can significantly change the control strategy (i.e. turning on different speed limit). This is certainly not an expected behaviour of a control algorithm, and fuzzy control systems are able to face this problem. They also allow the usage of linguistic variables and the usage of expert knowledge during the model induction phase.
The application of fuzzy logic in the control systems for traffic management has a long history. The first approaches were presented by Japanese authors Sasaki and Akiyma in the late 1980s [16, 17] . They adopted a control system for an on-ramp at urban expressway. At that time the traffic management was in hands of skilled traffic operators. The authors successfully demonstrated that this complex operator's judgment process can be replaced by a fuzzy control system.
From the long list of the early fuzzy control systems adapted to highway management, we would like to point out several papers. Wang et al. [18] provide an interesting approach by introducing a multi-level fuzzy control algorithm. The paper introduces high modularity and avoids the problem known as the "curse of dimensionality" [19] . When dealing with speed harmonization, they propose a three-level fuzzy model. Pavement condition and weather condition are concerned in the first level sub-model. The second level sub-model combines the outputs from the first level and provides information on driving conditions. The third level sub-model uses traffic density and driving conditions (output from the second level) as inputs and provides the final recommendations corresponding to the speed limit displayed on the variable message signs (VMS).
The issue of fuzzy logic for speed harmonization was strongly propagated, for example, by Federal Highway Administration in the USA. The results of the research project Fuzzy Variable Speed Limit Project [20, 21] strongly recommend the usage of fuzzy logic for speed harmonization.
Roshandeh et al. [22] suggest a rather simple algorithm for speed harmonization. The authors use only two input variables: speed (veh/km) and intensity (veh/time). Such an approach represents a straightforward extension of the rule-based algorithms, but it lacks any further comparison to other methods.
Most of other fuzzy controllers were used in combination with ramp metering. Thus, their overview is provided in the following section which is dedicated to ramp metering.
Genetic algorithms have been used in the field of highway management mainly in combination with fuzzy logic. The reason is obvious. The major problem with fuzzy systems is identification of their parameters. Often only expert knowledge or even expert judgment is used to set their parameters and such systems cannot be easily reused for other locations. Genetic algorithms generally allow adopting of the parameters of fuzzy systems based on existing data and defined objective function.
Chiou and Lan [23] provide a novel bi-level iterative algorithm, which uses genetic algorithms to compose the logical rules of a fuzzy control system in the first stage, and then determines their shape on the second stage. They also present a new way to encode the chromosomes to overcome a problem of many constraints in applying particular genetic operators. The authors validate this algorithm by the application to car-following model. They also compare it to different algorithms, such as simple fuzzy controller or a model using artificial neural networks. Their results are truly encouraging.
Chiou et al. [24] then apply the control algorithm presented above to the speed harmonization problem. Unlike most other authors, they use a cell transition model (mesoscopic models) to evaluate the performance of the control algorithm. The objective function used for calibrating the control system combines crash likelihood and throughput in order to take into consideration safety as well as driving comfort. The scenario with speed harmonization was compared to the situation without control. The results show that it is possible to decrease the crash likelihood without depriving of driving comfort.
Ramp metering
Ramp meters are special traffic signals at the end of a freeway on-ramp that regulate the flow of traffic onto the mainline. This is done based on information from sensors located on the ramp as well as on the highway. The main purpose of ramp meters is to keep the mainline of the freeway from becoming overly congested, and to maximize the efficient use of freeway capacity. This is achieved not only through limiting the number of incoming vehicles, but also through improved merging behaviour of the incoming vehicles, which has been proven by several field studies.
In general ramp metering aims at achieving the overall system optimum in the network through improving the performance of high-volume highway. It can, however, lead to building of on-ramp queues due to the introduced traffic signal.
Probably the most widely accepted ramp metering algorithm is ALINEA -a local feedback control algorithm [25, 26] . ALINEA is a feedback ramp metering policy, which attempts to maximize the mainline throughput by maintaining a desired occupancy on the downstream mainline freeway (for this reason local algorithm). This algorithm is often used as a reference model for comparison of different control systems or as a basis for further enhancement.
One of the improvements presented by the authors of the original ALINEA is provided in [27] . The system called HERO coordinates the local ramp metering actions on a highway with several on-ramps. They aim at improvement with respect to the two most common drawbacks of other methods: feed-forward (rather than feedback) nature of the control approach and the need for a predefined target flow capacity value.
An interesting overview of ramp metering algorithms is provided in [28] and [29] . Even though there are many different control algorithms, we will focus on those using soft computing methods only. An overview of approaches using fuzzy systems, neural networks and agent-technologies for ramp metering is provided in [30] .
More recently, Murat et al. [31] described a fuzzy logic based approach to dual lane ramp metering (FuLCRMe). The paper is unique in the focus on two lanes approaching a freeway and in the usage of SIDRA [32] , i.e. mesoscopic simulation for intersection control implemented in MS Excel for model evaluation. The authors claim that their model gives better results compared to "conventional model". Unfortunately, this conventional model is not described in more details and is probably the one implemented in SIDRA by default. Certainly, more evaluation is needed in this case.
Hsu and Hsieh [33] developed a coordinated fuzzy logic based control system, which should be implemented instead of the common local traffic responsive control algorithm used widely in Taiwan nowadays. The improvements consist in the increased robustness and decreased sensitivity to imprecise information of fuzzy control systems and the usage of additional inputs describing the traffic flow on the main freeway and thus coordinating four different ramp metering systems. The authors describe the proposed algorithm in more detail and provide the results of simulation in VISSIM, which suggests promising results for the selected case study.
Jiang and Liang [34] proposed an adaptive fuzzy system, which is used to tune parameters of the traditional PID (proportional-integral-derivative) controller. However, the evaluation within this paper is rather simplistic and further research should be conducted.
In general, the usage of neural networks directly for traffic control is not very common. There are several reasons why it is not recommended. Neural networks do not enable us to see and directly interpret the reasoning mechanisms due to its black box characteristics. Nevertheless, some interesting approaches have been adopted, e.g. [35] , with respect to ramp metering. Here, the neural network is used to adopt parameters of the traditional I and PI controllers. In this way, the mentioned drawback of neural networks is eliminated and, on the other hand, its adaptive abilities are used.
Feng et al. [36] used adaptive fuzzy-neuro system to tune the parameters of the fuzzy control system. This paper, however, lacks any further evaluation of results and comparison to other methods.
The reasons for using the genetic algorithm to enhance the performance of fuzzy systems have been mentioned above. Several publications addressed this topic to ramp metering combined with speed harmonization, e.g. Ghods et al. [37, 38] . Here, the total time spent by all vehicles in the network is used as objective function. The authors, however, do not provide sufficient details on the particular genetic operators. The authors focus on the description of the METANET model [39] and its extension, which is used for evaluation of the algorithm. The results are compared to the ALINEA controller based on several scenarios. These scenarios cover no-control, ALINEA controller, fuzzy-genetic ramp metering only and fuzzy-genetic ramp metering with speed limits. The empirical results of the fuzzy-genetic ramp metering were very close to the original ALINEA controller; however, its performance was more suitable for praxis due to limited oscillations. Superior performance was achieved when ramp metering was enhanced with the speed limits on the main stream. This supports the expectations, that a joint objective function should be addressed by several highway management strategies.
Yu et al. [40] used the genetic algorithm to improve the performance of the fuzzy logic control (FLC) system. The main goal of the genetic algorithm is the tuning of the parameterized membership function of each fuzzy input. The authors compared the performances of the genetic fuzzy logic control (GFLC) ramp metering to FLC ramp metering by calculating the percentage change of TTT (Total Travel Time). Both ramp metering algorithms (FLC, GFLC) were implemented and evaluated in the stochastic microscopic traffic simulator -Aimsun. The genetic fuzzy ramp metering showed more improvement on TTT than fuzzy logic control when traffic demands exceed road capacity.
Zhang et al. [58] proposed a novel approach, based on hierarchical fuzzy rule base systems (HFRBS) and genetic algorithms, to develop traffic congestion prediction systems from a high number of input variables where HFRBS is optimized by genetic algorithms.
In the recent approaches, ramp metering is mainly not considered as an independent strategy, but rather used in connection with speed harmonization on the main freeway flow. This is a logical attitude, since we typically aim at optimization of the overall throughput and not only throughput of the incoming vehicles. The goal of ramp metering is to prevent vehicles from entering bottlenecks. For this reason, a larger set of publications addresses both of these topics simultaneously [41] .
General highway management using agents
The trend of aiming the target jointly by several control strategies (from Figure 1) is confirmed also by the application of distributed intelligent systems. This is supported by the fact that heterogeneous agents (which can cover different strategies) cooperatively optimize a single common objective function, e.g. maximize road capacity and/or minimize crash probability (safety improvements). For this reason, the multi-agent systems usually focus on a combination of strategies, or on supporting decision-making of highway operators. An overview of interesting papers follows.
Roseman [42] proposes the concept of a multiagent "Incident Manager" control architecture for The Santa Monica Freeway Smart Corridor. The main part of the traffic management in the Smart Corridor is a knowledge-based expert system based on dynamic incident detection, analysis, and response. The expert system software is used to assign incident management responsibilities to agency operators on the action, or implementation level. The main tasks of "Incident Manager" are: monitoring traffic conditions, performing incident detection, and assigning probable location of each identified potential incident. If "Incident Manager" confirms an incident, the expert system develops a response plan. The response plan contains two types of elements: goals and actions. The goals of the response plan are "general management strategies" and the actions are "goal-supporting implementation commands" (a specific text message on a variable message sign).
Logi and Ritchie [43] describe an innovative multiagent architecture CARTESIUS (Coordinated Adaptive Real-Time Expert System for Incident management in Urban Systems) for the provision of real-time decision support to Traffic Operations Centre personnel for coordinated inter jurisdictional traffic congestion management on freeway and arterial networks. This work is an extension of the Logi's dissertation thesis [44] . They proposed a two-agent-based support for incident management operations on a freeway and an adjacent arterial sub network, and interact with human operators, determining control recommendations in response to the occurrence of incidents. The incident management is used for the analysis of congestion and generation of suitable network-wide, integrated responses on the freeways and arterials. Each agent collects real-time data from the traffic detectors and the data representing current status of the control devices (signals ramp meters and VMS). The authors make a simulation of 18 different incident scenarios and obtain a result that the traffic conditions were improved, with an average travel time per-vehicle reduction of 7.4%.
Katwijk and Koningsbruggen [45] confirm the above mentioned findings through two simple examples. The first one, in which consecutive ramp metering installations coordinate their actions to promote the flow at a downstream bottleneck and, the second one, in which traffic management instruments coordinate their actions to attain a common goal on the network level. The second example is a coordination of the network with VMS used for route guidance. The authors tried to prove the possibility of cooperation between the dynamic traffic management instruments. Concepts from the domain of agent and multi-agent systems were used for description of the traffic management instruments which were employed in the examples. In the next phase of the project, the authors wanted to validate their ideas in a laboratory environment [46] .
Hernández et al. [47] share their experience with agent-based architectures for intelligent traffic management systems (ITMS). They also describe and compare integrated TRYS [48, 49] (i.e. an agent-based environment for building ITMS applications for motorway networks) and TRYS with autonomous agents [50, 51] . Two multi-agent systems that provide support to the decision makers in real-time traffic management in the urban motorway network around Barcelona. The traffic management agent, as described by the authors, firstly diagnoses the traffic problems present in a local area together with an explanation justifying such a diagnosis, and secondly proposes control actions for the available signal devices to improve traffic conditions using the diagnosis information. Thus, a traffic management agent has to provide two types of information: diagnosis of the traffic problems present in a local area (incident congestion or overflowing congestion) and propose control actions for the available signal devices (VMS panel displays, signals ramp meters). Authors performed on-line and laboratory tests with very positive results.
The work of Tomás and Garcia [52] explains the main features of the abovementioned MAS -its ontology, agents, interaction protocols as well as its behaviour when an incident is detected (vehicle accidents, meteorological problems, road civil works, public events, etc.) by a traffic administration in a real traffic scenario at the A3 Spanish freeway. Authors use "Traffic Management Plans" procedures (TMPs) which define how to manage the detected traffic incidents. The proposed TMPs can use two types of dynamic measures: The first one serves for calculation of alternative itineraries and to transfer information to drivers via dynamic signal, the second one provides information to a driver via a variable signal. The MAS prototype contains several kinds of agents: Meteo agents, manager agent, XML plan agent, web agent, DF agent and Interface agent. The proposed system has been implemented using the JADE platform and application of MAS together with the TMPs to improve a traffic conditions.
Katwijk et al. [46] present a test-bed for multi-agent control systems in road traffic management. The testbed aids in-depth research in this field. It is demonstrated by means of two example scenarios they have implemented: 1) Coordination of traffic management instruments on a freeway corridor. The authors developed a multi-agent system which is capable of communicating about the required amount of metering. Proposed communication between the ramp metering installations improves awareness of future congestion. The reaction time in the detection of queue is shorter. The result is a 5 percent improvement in freeway travel time. 2) Coordination of traffic management instruments in a network. The authors developed a multi-agent system which is capable of coordinating the actions of the ramp-metering installation and the VMS.
The main contribution of [46] to the research in the field of road traffic management is the development of a software environment for rapid development of multi-agent control systems.
Katwijk et al. [53] lay out the benefits of multi-agent coordination and propose a procedure through which such coordination among traffic control instruments can be achieved. In this procedure, each of the agents works fully autonomously and works towards its own local performance maximization (in this case: minimizing travel time or maximizing capacity of a network). The authors chose an approach in which each infrastructure element in the network is represented by an agent. The agents are represented as a link, variable message sign, ramp metering installation, and traffic lights. Each agent is responsible for the performance of the link or node in the network it represents. The agents provide the controllers with the information needed for the link's performance maximization. This information is different for each type of controller (variable message sign, ramp-metering installation and traffic lights).
A new expert system is introduced in article [54] . The system supports traffic management when weather adversities occur and affect traffic in road network. The system uses multi-agent technology to work with the specific characteristics of traffic domain and it can work in two modes: 1) Coordination between the agents -all the agents work together in large networks; 2) When local communication problems arise, small groups of agents can work together to inform road users about traffic problems.
The traffic management system is composed of the following elements: meteorological station, variable message sign (VMS), data collection station and remote station. The drivers are informed by VMS or RDS-TMC (Radio Data System-Traffic Message Chanel) about incidents on the road. The authors used JADE platform for the implementation of the system and Drools was used for the implementation of the expert system.
Almejalli et al. [55] propose an intelligent decision support system based on multi-agent approach. In this system architecture, the whole traffic network is divided into sub-networks. There is a dedicated evaluation agent in each sub-network. Each agent contains three traffic subsystems: monitoring, ITC-DSS (Intelligent Traffic Control-Decision Support System), and devices control. The monitoring subsystem is used to determine the current traffic state, ITC-DSS assists an operator in prediction of the local performance and the last subsystem is used for monitoring and controlling available traffic devices. The agents work together with other (affected) agents through the so-called coordinator (a high level agent) and thus the agents are able to find an optimal global traffic action using intelligent traffic control. The system is able to calculate "the control action fitness" and "control action global performance". Local performance predicted by ITC-DSS is determined by three parameters: total time spent, total distance travelled, and total queue length. The Variable Direction Indication is used to direct traffic. The performance of this multi-agent-based decision support system was tested in a case study of a part of the traffic network in the Riyadh city of Saudi Arabia.
Vilenica et al. [56] suggest that such kinds of problems can be modelled using agent-oriented models and techniques. They demonstrate how to use a generic Multi-Agent-System architecture that supports both modelling and simulating of such an application. It shows the way of using such architecture for application, analysis and comparison of different traffic management strategies, inspired by different sources like network management, feedback control, or nature inspired coordination algorithms.
Tomás et al. [57] present another test-bed based on multi-agent concept. This test-bed is able to test several traffic information strategies in case of the incidents on the road network (weather problems, accidents, etc.). The users are then informed via VMS and RDS-TMC. It contains a knowledge model implemented by a set of basic agents. These agents can be easily configured and extended to aid in-depth research in this field. The test includes agents to control variable message signal, weather stations, data collection stations, etc. The test-bed interface is based on Google maps. It provides a realistic environment that facilitates implementation of the tested strategies to the real world situations. The test-bed is based on a three-layer architecture: the first layer is the real world (the road network), the second layer represents this real world modelled by ontologies, and the third layer is composed of a set of basic software agents to provide the test-bed functionality. The results of testing the study cases in the proposed test-bed are very positive. The authors inform that the test-bed enables creation of a complete real road network and uses the proposed architecture.
OVERVIEW OF CONTROL STRATEGIES
The major objective of this paper was to map the complex environment of highway management and its many different control strategies, with respect to the modern approaches such as soft-computing and multiagent systems. Focusing on highway management is still very topical. For example, in the Czech Republic, after the first implementation on the Prague city ring in 2010, next generations of highway management strategies are under development. Based on the literature review presented here, the future implementation of advanced control approaches will be considered as enhancement of the currently implemented approach. Table 1 provides an overview of the methods and basic overview of their conclusions. This is certainly a simplification, but it attempts to summarize the findings of this paper in a graphical form. An adaptive neuro-fuzzy system to tune the parameters of the fuzzy control system; draft only Ghods et al. [37] , [38] Ramp metering, speed harmonization A Genetic-Fuzzy approach
Using genetic algorithm to enhance performance of fuzzy systems; description of a benchmark network and simulation results of different scenarios Yu et al. [40] Ramp metering A Genetic-Fuzzy approach
Using genetic algorithm to improve the performance of the fuzzy logic control system; control system was simulated in Aimsun
Roseman [42] The concept of the multi-agent "Incident Manager"
The expert system software is used to assign incident management responsibilities to agency operators on the action or implementation level; draft only
CONCLUSION
It can be concluded that most of the speed harmonization algorithms are based on the ideas covered by MARZ. This is a rather straightforward method, but it is based on the principles of modularity and practicability. Some of the fuzzy-based approaches are further improving the results, which are however mostly based on simulation. However, a fair comparison is rather difficult. It is clear from the provided literature as well as other publications that even though nobody questions the effect of speed harmonization on traffic flow parameters and safety, there is no accepted methodology for evaluation and clear numerical evaluation is difficult.
The ramp metering algorithms discussed in literature are rather advanced. Based on foundations of traffic flow theory and control engineering, researchers proposed and evaluated different settings, using local feedback control system or even data from adjacent freeway sections. There is clear focus on the fuzzy control approaches and their combination with other soft computing methods, such as genetic algorithms or neural networks. The current trend in the area of ramp metering, as well as of other highway management strategies, is thus in further combination with other approaches and shift towards heterogeneous multi-agent applications.
As presented, several authors address the field of highway management using distributed intelligence. However, most of the presented results are in the architectural level. The future challenge is in implementing the provided methods and testing them in the real-world conditions, preferably compared to the common highway management system. Logi and Ritchie [43] 
